
Vol.:(0123456789)

Clean Technologies and Environmental Policy (2024) 26:2625–2641 
https://doi.org/10.1007/s10098-024-02754-w

ORIGINAL PAPER

Environmental protection tax and corporate carbon emissions 
in China: a perspective of green innovation

Rongrong Wei1 · Mengling Wang2 · Yueming Xia1

Received: 3 November 2023 / Accepted: 11 January 2024 / Published online: 14 February 2024 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract
The environmental protection tax (EPT) reform is a major strategic measure to further implement green development and 
is the most important environmental economic policy in China. Using data from 3339 companies listed on the A-shares in 
China's Shanghai and Shenzhen from 2006 to 2021, this paper evaluates the policy impact of the EPT on corporate carbon 
emissions and its internal mechanism from the perspective of green innovation by the DID method. The results show that 
EPT reform effectively promotes corporate carbon emission reduction, and the conclusion remains valid after robustness 
tests such as the DDD and DML method. The EPT reform mainly promotes carbon emission reduction in companies with 
high executive compensation levels and high environmental information disclosure, and mature companies. Furthermore, 
the EPT reform promotes enterprises to reduce carbon emissions by forcing them to adopt strategic and endpoint green 
innovation, and this "forcing" effect is mainly reflected in internal incentives and external pressure.
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Introduction

Green innovation effectively mitigates environmental pol-
lution and safeguards the ecological environment through 
the deployment of clean technologies. Concurrently, it fos-
ters new drivers of economic growth and supports sustain-
able development through technological transformation 
and advancement. This approach facilitates a “win–win” 
scenario for both economic efficiency and environmental 
protection (Wang et al. 2019).The rapid economic growth 
of China since the reform and opening up, coupled with 
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the extensive economic development model, has severely 
harmed the ecological environment(Zhu et al. 2019; Xie 
et al. 2023). Figure 1 shows that from December 2019 to 
July 2023, the proportion of China's daily carbon emissions 
in the world is significantly higher than that of the USA, 
and China's average daily carbon emissions accounted for 
17 percentage points higher than that of the USA from Janu-
ary 1 to July 31, 2023. The pollutant discharge fee in China 
was formally established in September 1979. The formal 
introduction of the EPT on January 1, 2018, marking that 
the pollutant discharge fee system that has operated for 
nearly 40 years will become history (Shang et al. 2022). 
Although the pollutant discharge fee and the EPT are both 
market-based environmental regulatory tools, they exhibit 
significant differences in aspects of enforcement rigor and 
standardization. The pollutant discharge fee's flaws, such as 
lax law enforcement, excessive administrative intervention, 
and lack of enforcement, will be fundamentally remedied 
with the conversion of the pollutant discharge fee to the 
EPT (Liu et al. 2022b). This viewpoint has gained wide-
spread recognition in the academic community. However, 
the question of whether the EPT contributes to fostering 
green innovation, and subsequently aids in the reduction of 
corporate carbon emissions, remains a pressing issue that 
requires further investigation. The EPT is mainly levied on 
enterprises (Long et al. 2022), the implementation of the 
EPT is comparable to an exogenous "quasi-natural experi-
ment" in the field of economics (Liu et al. 2022c), offering 
a unique chance to precisely and successfully identify the 
impact of the EPT reform on carbon emission reduction and 
providing sufficient evidence for the test of this problem.

Academics have analyzed the impact of China's EPT pol-
icy on green technology (Liu and Xiao 2022; Wang et al. 
2023; Du et al. 2023), environmental protection effect (Han 
and Li 2020; Li et al. 2021). More recently, a few studies 
have also linked the relationship of technological innovation 
between the EPT reform and carbon emissions. For instance, 
Lin et al. (2023) found that the EPT caused a general decline 
in pollution emissions in various regions of China, and the 
technological innovation of enterprises, universities, and 
other types of subjects played an intermediary role; Gao 
et al. (2022) believed that green innovation is the main 
transmission mechanism of the EPT enhancing the synergy 
between pollution reduction and carbon emission reduction. 
Green innovation can help solve the contradiction between 
economic growth and environmental protection and promote 
sustainable development (Hamid and Wang 2023). The EPT 
is an effective means to encourage enterprises to carry out 
green innovation. However, the majority of the literature has 
only discussed the impact of the EPT on corporate green 
innovation or carbon emission reduction, with less explora-
tion into the types and heterogeneity of green innovation. 
Due to differences in the quality and direction of enterprise 
green innovation, this paper uses differences-in-differences 
(DID) to analyze the possible differentiated policy effects 
of the EPT reform on enterprise carbon emission reduction 
at the micro-level, enrich the theoretical study of the fac-
tors influencing corporate carbon emissions reduction, and 
offer significant insights for the government to improve the 
environmental regulation policy and for the enterprises to 
enhance the capacity of green innovation in practice.
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Fig. 1  Proportion of daily carbon emissions in China and the USA from January 1, 2019, to July 31, 2023.  Source: https:// www. carbo nmoni tor. 
org. cn
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This study offers three potential contributions. First, the 
EPT is a major measure of China's tax reform, which is of 
great significance to building an environmentally friendly 
society (Kong et al. 2023), and is an important forcing 
mechanism to promote the low-carbon transformation of 
enterprises. The existing literature mainly focuses on the 
impact of the EPT reform on green innovation, while the 
impact of environmental regulation policies on green inno-
vation ability is the key to the success of carbon emission 
reduction of enterprises. Based on enterprise-level green 
patent data, this paper analyzes the impact of the EPT 
reform on corporate green innovation behavior and carbon 
emission reduction from multiple dimensions, enriching 
the research on the micro-effects of the EPT. Second, in the 
expandability analysis section, this study employs a cut-
ting-edge approach, namely the Double/Debiased Machine 
Learning (DML), for robust causal inference. This choice 
is made to circumvent challenges posed by the "curse of 
dimensionality," and model specification biases inherent 
in traditional econometric models. The DML methodol-
ogy aims to mitigate the interference of confounding fac-
tors on corporate carbon emissions, allowing for a more 
precise assessment of the impact of the EPT on corporate 
carbon emissions. Finally, this paper examines the "forc-
ing" effect of the EPT reform on green innovation and 
carbon emission reduction of enterprises in great detail. 
It finds that the EPT promotes carbon emission reduction 
of enterprises primarily by stimulating green innovation 
of strategic and endpoint green innovation activities, and 
conducts a heterogeneous investigation from the aspects of 
enterprise internal incentives and external pressure, which 
is of great significance for the government to improve the 
EPT system and promote the low-carbon development of 
enterprises at this stage.

Institutional background

The origin of the EPT is the Piku tax proposed by Piku, 
the founder of welfare economics, who believed that there 
is a negative externality in the production of a commodity, 
whose private cost is lower than the social cost. Therefore, 
the government should regulate it by levying a tax to make 
the allocation of resources, to reach the Pareto optimal state 
(Hu et al. 2023). The EPT is based on the polluter pays prin-
ciple, and through the levy of the EPT, the external cost of 
polluting the environment will be transformed into the inter-
nal cost of the enterprises (Xu et al. 2023c). The EPT reform 
has realized the transformation from the pollutant discharge 
fee to the EPT, and there are substantial differences between 
the two (Jiang et al. 2020). Firstly, the tax standard is differ-
ent. The EPT generally adopts the principle of tax burden 
neutrality (Shang et al. 2022), while also encouraging local 

authorities to raise collection standards. In addition to the 
existing lower limit set by current pollution charge regula-
tions, an upper limit has been established, which is capped at 
no more than ten times the minimum standard. The existing 
pollutant discharge fee often leads to a phenomenon where 
companies perceive pollution discharge as legal once fees 
are paid, stemming from the fact that the charges levied 
for pollution are significantly lower than the costs of pol-
lution control, rendering environmental regulatory policies 
ineffective. The EPT elevates the standard for tax amounts, 
consequently raising the cost of pollution for enterprises. 
When these pollution costs reach a sufficiently high level, it 
prompts companies to alter their environmental management 
practices to reduce emissions. Secondly, the local retention 
is different. The revenue from the pollutant discharge fee is 
divided between the central government and local govern-
ments on a 1:9 basis. After introducing the EPT, it will be 
fully utilized as local revenue, and the central government 
will no longer participate in the division. This is conducive 
to enhancing the local government's policy implementation 
and environmental protection motivation, and weakening the 
incentive for local governments to collude with enterprises. 
Finally, the main body of the levy is different. The pollutant 
discharge fee is collected by the environmental protection 
authorities. The EPT is collected by the tax authorities, and 
the environmental protection department plays the role of 
assisting in the collection of the tax. This helps to earmark 
the collected taxes for specific purposes and to improve the 
transparency and standardization of the EPT collection.

Theoretical basis and hypotheses

The EPT reform and corporate carbon emission

Compared with the "green paradox" effect, academics 
are more inclined to believe that environmental regula-
tion contributes to carbon emission reduction (Xu et al. 
2023b; Liu et al. 2022a; Pei et al. 2019; Lin and Zhang 
2023). The government levies carbon and energy taxes on 
fossil energy producers and users to increase production 
and environmental costs, thereby reducing the demand for 
fossil energy and achieving carbon emission reduction. 
Environmental regulation can not only directly reduce car-
bon emissions through the demand side of fossil energy 
but also indirectly promote carbon emission reduction 
through transmission mechanisms such as green innova-
tion (Nazir et al. 2023). Specifically, this involves using 
mechanisms such as the implementation of the EPT to reg-
ulate economic activities, thereby compelling enterprises 
toward green innovation. This strategy aims to reduce the 
demand for fossil fuels and encourage enterprises to shift 
to clean and renewable energy sources, indirectly lower-
ing carbon emissions. A representative viewpoint of this 
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indirect suppression is the Porter Hypothesis, which pos-
its that environmental regulation can stimulate corporate 
innovation activities. This, in turn, drives progress in pro-
duction technology and upgrades in environmental pro-
tection technologies, consequently filling the compliance 
costs for enterprises and reducing carbon emissions. Guo 
et al. (2022) found that environmental tax reform could 
significantly reduce urban air pollution, and that green 
technological innovation was an important path of envi-
ronmental tax reform affecting air quality. Environmen-
tal regulation refers to the collective set of policies and 
measures established by the government with the purpose 
of environmental protection and governance. The primary 
tools of environmental regulation encompass three catego-
ries: command-and-control environmental regulation, such 
as the environmental impact assessment system and the 
"three simultaneous" system; market-based environmental 
regulation, including the EPT and pollutant discharge per-
mits; and voluntary environmental regulation, exemplified 
by environmental certification and environmental audits. 
Environment regulations imbued with administrative char-
acteristics may interfere with market signals, and volun-
tary environmental regulation is often ineffective. Only the 
EPT with a market-based, rational tax rate possesses the 
potential for an "environmental dividend." Hence, hypoth-
esis 1 is proposed as follows.

Hypothesis 1 (H1) The EPT reform helps promote corporate 
carbon emission reduction.

Forcing effect and crowding‑out effect

There has been much debate concerning the impact of envi-
ronmental regulation on green innovation. From the perspec-
tive of "compliance cost effect," the neoclassical economic 
theory argued the EPT would increase the environmental 
cost of enterprises. If enterprises are forced to raise prices, 
product competitiveness will decline. However, if they do 
not increase prices, the enterprise cannot guarantee the cash 
flow of the enterprise, and the research and development 
(R&D) of new technologies will be affected. In other words, 
the constraints of environmental regulations force enter-
prises to invest additional costs, showing the crowding-out 
effect on green innovation R&D funds, which is not condu-
cive to green innovation. From the perspective of "innova-
tion compensation effect," Porter's Hypothesis suggests that 
reasonably designed environmental regulations can promote 
the green innovation of enterprises and have a forcing effect 
on their green innovation activities, which can offset the 
negative impacts due to compliance with environmental 
regulations, thus stimulating green innovation (Luo et al. 
2022; Chen et al. 2022). The positive effect of environmental 
regulation on corporate green innovation is mainly reflected 

in enterprise products process and production process. The 
former means that environmental regulation will promote 
enterprises to provide better quality and more environmen-
tally friendly products; the latter refers to the reduction of 
enterprise energy consumption and the improvement of 
enterprise production efficiency. The improvement of enter-
prise product quality and the optimization of the production 
process can make up for the increase in enterprise produc-
tion costs brought about by the EPT.

As a market-based environmental regulatory tool (Shao 
et al. 2020), the forcing effect of the EPT on corporate green 
innovation is reflected in the external pressure from stake-
holders and the internal incentives of enterprise managers. 
From the perspective of external pressure, the EPT is based 
on the principle of "who pollutes, who governs." Its essence 
is to internalize the negative externality cost of environmen-
tal pollution. The valuation of enterprises by external stake-
holders varies depending on whether enterprises undertake 
environmental responsibility. In the context of asymmetric 
environmental information, a key indicator of a company's 
commitment to environmental responsibility is its disclosure 
of environmental information. Consequently, firms that pro-
actively disclose such information are likely to command a 
higher premium in the capital market (Chen et al. 2018a). 
Furthermore, the act of disclosing environmental informa-
tion not only enhances the company's image as a socially 
responsible entity but also contributes to the enhancement 
of its corporate value. Therefore, environmental informa-
tion disclosure pressure from stakeholders will force enter-
prise managers to weigh the consequences of polluting the 
environment and influence the way they respond to envi-
ronmental regulations. Meanwhile, green innovation can 
help enhance external stakeholders' confidence in corporate 
sustainable development and reduce investment uncertainty 
triggered by environmental pressure. Therefore, to meet the 
realistic green demands of external stakeholders, corporate 
managers will choose to promote green innovation activi-
ties. From the view of internal incentives, environmental 
regulation means such as the EPT will impose additional 
burdens on enterprises. However, it will prompt manag-
ers to actively reflect on corporate shortcomings in green 
development (Grossman and Helpman 2018), correctly 
weigh the costs and benefits of environmental protection, 
and enhance the awareness of environmental protection of 
production. Green innovation activities not only meet the 
requirements of environmental regulation but also help to 
shape the new advantages of enterprise green development 
and open new markets. Meanwhile, shareholders will also 
actively incentivize by means such as remuneration. As a 
result, managers have the incentive to eliminate outdated 
production capacity, and research and develop green prod-
ucts. This approach leads to a win–win situation, achieving 
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both energy conservation and emission reduction, as well 
as enhancing core competitiveness. Hence, hypothesis 2 is 
proposed as follows.

Hypothesis 2 The EPT reform "forces" enterprises to engage 
in green innovation rather than "crowding" them out, and the 
"forcing" effect is mainly manifested in enterprises with high 
internal incentives and high external environmental informa-
tion disclosure.

Quality and direction of green innovation

Following the implementation of the EPT, enterprises in 
regions with increased tax burdens are experiencing height-
ened environmental regulatory pressures. Studying the qual-
ity of green innovation under the stress of environmental 
regulation is of significant importance for enterprises aim-
ing to reduce carbon emissions. According to the quality of 
innovation, the green innovation behavior of enterprises is 
divided into substantial green innovation and strategic green 
innovation. The substantial green innovation refers to the 
green innovation behavior with the purpose of promoting 
product upgrading and creating unique competitive advan-
tages, which belongs to high technological green innova-
tion; the strategic green innovation, through the unilateral 
pursuit of the speed of green innovation to cope with the 
environmental regulation and cater to the innovation strategy 
of government policy (Li et al. 2020), belongs to low techno-
logical green innovation. Compared to strategic innovation, 
substantive green innovation, while high in value and poten-
tially capable of yielding considerable long-term benefits, 
is associated with greater risks and a longer duration for 
development (Liao et al. 2023; Kiss and Barr 2017). Addi-
tionally, green innovation is characterized by its spillover 
effect, meaning it can be easily imitated without incurring 
costs (Arf et al. 2018; Nie et al. 2023). Consequently, due to 
practical constraints, companies tend to prioritize quantity 
and engage in strategic green innovation activities. These 
activities serve to signal green innovation, comply with 
government regulations, and address the pressures arising 
from environmental regulation (Li et al. 2023). Therefore, 
the EPT reform has incentivized corporate strategic green 
innovation behaviors.

Examining the different directions of green innovation 
activities has important academic value and policy sig-
nificance for understanding the carbon reduction effect and 
mechanism of the EPT. The World Intellectual Property 
Organization (WIPO) launched the Green List of the Inter-
national Patent Classification in 2010, which classifies green 
patents into seven categories: alternative energy, nuclear 
power generation, agriculture and forestry management, 
energy conservation, administrative and regulatory design, 
waste management, and transportation, in accordance with 

the United Nations Framework Convention on Climate 
Change (Qi et al. 2018). Hence, green innovation can be 
categorized, based on the direction of the innovation activi-
ties, into source and endpoint innovation. Source green 
innovation involves innovation activities aimed at reducing 
the generation of taxable pollutants from the source. This 
is achieved through the development of green products and 
upgrading emission reduction technologies, exemplified by 
innovations in alternative energy and nuclear power genera-
tion. On the other hand, endpoint green innovation involves 
innovation activities that focus on purchasing environmental 
protection equipment and enhancing pollution control meas-
ures. These activities aim to reduce the emission of final 
pollutants at the end of the production process, exemplified 
by innovations in waste management. In the long run, source 
green innovation is the key to reduce environmental pollu-
tion and realize green low carbon. However, due to the high 
requirements of source innovation for enterprises, especially 
the difficulty of innovation activities related to alternative 
energy sources and environmentally friendly energy sources. 
So enterprises prefer to carry out waste management inno-
vation activities to reduce pollutant emissions at the end 
of production, which is related to the path dependence of 
corporate green innovation in China's traditional energy pat-
tern (Liu and Xiao 2022). Hence, hypothesis 3 is proposed 
as follows.

Hypothesis 3: The EPT stimulates corporate strategic 
green innovation and endpoint green innovation, thereby 
promoting corporate carbon emissions reduction.

Methodology and data

Model setting

After the implementation of the EPT policy, 12 provinces1 
raised the tax burden standard, while the other regions took 
the original pollutant discharge fee levy standard as the EPT 
standard. In this paper, the enterprises are grouped accord-
ing to whether they have raised the EPT standard before and 
after the policy. The enterprises with shifting tax burden are 
considered as the control group, and the enterprises with a 
significantly higher tax burden are regarded as the treatment 
group. This paper uses the DID method to construct the fol-
lowing model to effectively identify the impact of the EPT 
reform on corporate carbon emissions.

Ln  carbonit represents the carbon emissions of enterprise i 
in year t; post stands for the dummy variable before and after 

(1)
ln carbonit = �0 + �1treati ∗ postt + �Xit + �t + �i + �it

1 Including Hebei, Henan, Jiangsu, Shandong, Hunan, Sichuan, 
Chongqing, Guizhou, Hainan, Guangxi, Shanxi, and Beijing.
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the EPT policy, which takes the value of 1 in the current 
year 2018 and thereafter, and 0 otherwise; treat is a dummy 
variable indicating whether the tax burden has increased or 
not, treat takes 1 if the tax rate in the region where the firm 
is located has increased, and 0 otherwise. The coefficient 
of the interactive term treat*post is the policy effect that 
this paper focuses on, it is the impact of the EPT reform 
on corporate carbon emissions. X represents all identifiable 
control variables including firm age, roa, tobinQ, top1, HHI, 
and book-to-market ratio. �t and �i are year fixed effect and 
individual fixed effect, �it is the random interference term.

Variables selection

Dependent variable: lncarbon

This paper employs the natural logarithm of the total car-
bon emissions of listed companies, incremented by one, as 
the dependent variable. According to the Greenhouse Gas 
Accounting System, corporate carbon emissions consist of 
both direct and indirect emissions. The former refers to the 
greenhouse gases produced by a company through energy 
consumption in its production processes, while the latter 
encompasses emissions resulting from electricity and heat 
consumption, as well as other scattered carbon emissions 
(not originating from emission sources owned or controlled 
by the company, which are not considered in this study). 
Thus, this paper measures corporate carbon emissions 
from both direct emissions and indirect emissions gener-
ated through electricity and heat consumption. The meas-
urement of carbon emissions is conducted based on social 
responsibility reports, sustainable development reports, and 
environmental reports of listed companies. For those com-
panies that directly disclose annual direct or indirect carbon 
emissions or total carbon emissions, the data disclosed in 
their reports are directly utilized. In cases where annual car-
bon emissions are not directly disclosed but different types 
of fossil energy consumption, electricity consumption, and 
heat consumption are reported, the direct and indirect carbon 
emissions are separately calculated according to the Guide-
lines for Corporate Greenhouse Gas Emission Accounting 
and Reporting released by the National Development and 
Reform Commission of the People's Republic of China. The 
results are then summed to obtain the total carbon emissions 
(Wang et al. 2022).

Independent variable: treat*post

As can be seen from the above, firms in the 12 provinces 
are selected as the treatment group (treat = 1), and firms in 
other regions are the control group (treat = 0). post is a time 
dummy variable for whether or not the EPT policy has been 

implemented, with post = 0 prior to 2018; and post = 1 in 
2018 and beyond.

Control variables

In order to mitigate the endogeneity bias caused by omit-
ted variables, referring to Li et al.(2023) and Wang et al.
(2022), this paper selects firm-level economic characteristics 
as control variables: firm age (current year—firm opening 
year + 1), roa (net profit at the end of the period/total assets 
at the end of the period), tobinQ (market value of the firm/
capital replacement cost), top1 (number of shares held by the 
first largest shareholder at the end of the period/total num-
ber of shares at the end of the period), book-to-market ratio 
(shareholders' equity/market capitalization), and HHI (book 
value of ownership interests in a single company/book value 
of ownership interests in the industry to which it belongs).

Data sources and explanation

This paper selects 3339 listed companies in China's Shanghai 
and Shenzhen A-shares from 2006 to 2021 as the research 
object. The sample data are processed as follows: Companies 
with abnormal trading status (ST, * ST, PT) during the sam-
ple period are excluded, and companies with serious missing 
values are excluded. Moreover, tail trimming of 1% from both 
upper and lower ends is applied to all continuous variables 
to alleviate the impact of extreme values. The data sources 
of this paper are as follows: Corporate green innovation data 
come from CNRDS (Chinese Research Data Services); carbon 
emission data of listed companies mainly come from social 
responsibility reports, sustainable development reports, and 
environmental reports; and other corporate characteristics 
data mainly come from China Stock Market & Accounting 
Research Database (CSMAR). The descriptive statistics of the 
main variables are shown in Table 1.

Whether the experimental group and the control group 
had parallel trends prior to policy implementation.

As shown in Fig. 2, the carbon emissions of the experi-
mental and control groups showed a similar trend before 
2018, and both of them basically maintained the same trend 

Table 1  Descriptive statistics

Variable Obs Mean Std. Dev Min Max

Lncarbon 29,016 13.11 15.02 0.00 18.68
Firm age 29,010 17.85 6.11 1.00 64.00
Roa 29,016 0.04 0.07  − 2.65 0.79
Tobin 28,637 1.98 1.60 0.68 78.75
top1 29,016 35.70 15.07 0.29 89.99
HHI 28,894 0.14 0.14 0.03 1.00
book-to-market ratio 28,637 0.64 0.24 0.01 1.46
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in the time period of 2006–2017, showing that there is no 
obvious difference between the treatment and control groups 
before the EPT policy. In addition, there is a significant 
difference in lncarbon between the treatment and control 
groups from 2020, indicating that the impact of the EPT 
policy on corporate carbon emissions in 2018 lags about two 
years. Figure 2 shows just an intuitive feeling, and there will 
be followed by more specific empirical methods to judge.

Results and discussion

Baseline regression

This section estimates the effect of the EPT reform on cor-
porate carbon emissions reduction to test H1. The regression 
results are shown in Table 2. Column (1) is the result of OLS 

estimation, and columns (2), (3), and (4) are the results of 
FE estimation. Column (2) controls the year fixed effect; 
column (3) controls both year and individual fixed effect; 
and column (4) controls year, individual, and industry fixed 
effect. The empirical conclusions of the basic results remain 
consistent, showing that the EPT reform has a significant 
negative impact on corporate carbon emissions.

Identify hypothesis testing

Parallel trend testing

The assumption that the experimental group and the con-
trol group meet the parallel trend is an important prereq-
uisite for using the DID method. It means that before the 
implementation of the EPT policy, the carbon emissions 

Fig. 2  Ex-ante test for parallel 
trend of the dependent variable 
(lncarbon)
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Table 2  Results of the baseline regression

*,**,*** Indicate significant at 10%, 5%, and 1% levels, respectively. Standard errors in parentheses. The following tables are the same

Variables Lncarbon

(1) (2) (3) (4)

Treat*post  − 0.0610*** (0.0220)  − 0.0519** (0.0210)  − 0.0612*** (0.0216)  − 0.0573*** (0.0216)
Constant 12.3980*** (0.2620) 7.3873*** (0.1034) 8.8292*** (0.1754) 8.9190*** (0.1768)
Control variables Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes
Individual FE Yes No Yes Yes
Industry FE No No No Yes
Observations 28,509 28,509 28,132 28,130
R-squared 0.786 0.267 0.784 0.787
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of listed companies maintain a relatively stable trend of 
change. Although Fig. 2 preliminarily shows that the trend 
of corporate carbon emissions in the experimental group 
and the control group before the policy is basically par-
allel, it is necessary to adopt a more rigorous and spe-
cific test method. According to Li et al. (2016), the event 
study approach is used to empirically test the dynamic 
effects of the EPT reform. The treat*post in model (1) is 
replaced with dummy variables indicating the number of 
years before and after the EPT reform, while the depend-
ent variable remains unchanged. The following dynamic 
model is constructed:

In Eq. (2), n is the year of the company away from the 
implementation of the EPT reform in 2018. n is greater than 
0 indicating n years after the implementation of the EPT 
reform, and n is less than 0 indicating n years before the 
implementation of the EPT reform. F0 denotes a dummy 
variable for the year in which the EPT reform was imple-
mented. Because of the long period in the sample before 
the introduction of the EPT reform, this paper sets the pre-
policy year 5 and above as the base group (Zhang et al. 
2019; Fajgelbaum et al. 2020). Figure 3 reports the esti-
mated parameters { � − 5 , � − 4 , � − 3 , …, �1 , �2 , �3 }. The 
regression results show that the coefficient estimates of the 
five years before the policy are basically insignificant. And 

(2)ln carbonit = �0 +

3∑

n≥−5

�nFn + �Xit + �t + �i + �it

the regression coefficients are all around zero, indicating that 
before the implementation of the EPT reform, the trend of 
corporate carbon emissions in the treatment group and the 
control group is similar, which satisfies the assumption of 
the parallel trend (Xu et al. 2023a). The coefficient estimates 
for the year of policy implementation and the following three 
years are all significantly positive at the 10% level. From the 
dynamic effect of the parallel trend test, the impact of the 
EPT reform on corporate carbon emissions is significantly 
negative.

Placebo testing

In order to exclude the effects of unobserved factors on 
carbon emission reduction, this paper conducts a placebo 
testing by randomly assigning pilot areas (Cai et al. 2016). 
Based on Eq. (1), the expression for the estimated treat*post 
coefficient is as follows:

In Eq. (3), if the unbiased estimation of �1 is to be real-
ized, the δ = 0. However, there is no way to know whether it 
is 0 or not, and it is also impossible to directly test whether 
the estimation result will be affected by other random fac-
tors. If based on the relevant economic theory, the use of 
computer simulation to make treat*post does not have 
an impact on the dependent variable, and 

⌢

𝛽1 can also be 

(3)𝛽1 = 𝛽1 + 𝛿
cov(treati ∗ postt,𝜔it|Xit)
var(treati ∗ postt|Xit)

Fig. 3  Parallel trend testing
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estimated equal to 0. Then it can be inverted that � = 0. This 
paper has carried out 1000 times random sampling, and 
regressed according to Eq. (1). Figure 4 shows that the esti-
mated coefficients are all centrally distributed around 0, so 
δ should be equal to 0, indicating that the baseline estimates 
in this paper are unlikely to be driven by unobserved factors.

Other robustness tests

The replacement of the explanatory variable

In order to enhance the persuasiveness of the findings, this 
paper uses two other methods to measure corporate carbon 
emissions and test them again. The explanatory variable 
in column (1) of Table 3 is lnfossil, which is the natural 
logarithm of the fossil fuel combustion emissions of listed 
companies. The explanatory variable in column (2) is carbon 

Fig. 4  Result of placebo testing

Table 3  Results of robustness tests

Treat*post, post*poll, and treat*poll in column (4) are all controlled, and the coefficient estimates reporting are omitted

Variables Lncarbon

The replacement of the explanatory 
variables

PSM-DID Excluding the 
effects of other 
policies

DDD industry*year inter-
action fixed effect

(1) (2) (3) (4) (5) (6)

Treat*post  − 0.0394** 
(0.0167)

 − 0.0088* 
(0.0048)

 − 0.0615*** 
(0.0216)

 − 0.0612*** 
(0.0216)

 − 0.0388* (0.0218)

Treat*post*poll  − 0.0967** 
(0.0438)

Constant 7.9336*** 
(0.1355)

 − 0.0808** 
(0.0390)

8.7859*** 
(0.1762)

8.8292*** 
(0.1754)

8.8483*** 
(0.1754)

8.7565*** (0.1809)

Control variables Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Individual FE Yes Yes Yes Yes Yes Yes
Observations 28,066 28,040 28,120 28,132 28,132 28,044
R-squared 0.855 0.188 0.783 0.784 0.784 0.797
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intensity, which is equal to the ratio of total carbon emis-
sions of listed companies to their total profits. It can be seen 
that the empirical results of this paper are not influenced 
by the method of measuring the dependent variable, which 
means the conclusion that the EPT can help enterprises 
reduce carbon emissions is robust.

PSM‑DID

Initially, a categorized assessment using the logit model 
and kernel matching method is employed for resampling 
the treatment group with replacement. Subsequently, a bal-
ance test is conducted on the matched samples. Column 
(3) of Table 3 shows the regression results of PSM-DID, 
which indicates that the matching method is valid, the 
regression coefficients are significantly negative, and the 
baseline regression results are robust.

Excluding the effects of other policies

Prior to the EPT reform, China implemented other environ-
mental regulatory measures, such as the implementation of 
the Environmental Protection Law of the People's Republic 
of China (2015) (new EPL). This may confound the DID 
results with other policy effects. Therefore, in the baseline 
regression, a cross term between the dummy variable for that 
policy and the time linear trend is included, to control for the 
impact of the relevant policy on the estimations. Column (4) 
of Table 3 shows that the estimated coefficient of treat*post 
is significantly positive at the 1% level, and the test results 
are consistent with those above. The effect of the new EPL 
policy was largely ruled out.

DDD

Environmental regulation mainly targets high-pollution 
industries, and low-pollution industries are affected very 
little. This paper introduces third difference (industry pol-
lution degree) on the basis of the DID model to refine the 
causal effect of the EPT reform on corporate carbon emis-
sions (Deschênes et al. 2017). Specifically, the time dimen-
sion is used as the first difference to compare the effects 
before and after the EPT reform; the regional dimension 
is used as the second difference to compare the impact of 
the difference of environmental regulation intensity between 
regions with significantly higher tax burdens and constant 
tax burdens; and the degree of pollution in the industry is 
used as the third difference to further exclude the influences 
that are unobservable and outside of the policy. According 
to the Management List of Industry Classification for Envi-
ronmental Verification of Listed Companies (Environmental 
Affairs Office Letter [2008] No. 373), the research object 
is classified into two categories of high-pollution industry 

and low-pollution industry. The high-pollution industries 
primarily include 16 industries.2 Based on this, the paper 
constructs the DDD model following the approach of Chen 
et al. (2018b).

Ln  carbonit represents the natural logarithm of the carbon 
emissions of enterprise i in industry j in the year t. When 
the sample enterprise belongs to high-pollution industry, the 
value is 1, and when it belongs to low-pollution industry, 
the value is 0. �tj , �ij , �it are three sets of two-dimensional 
fixed effects. treat*post*poll is the explanatory variable, its 
coefficient is estimated by DDD, which examines the impact 
of corporate carbon emissions between regions with sig-
nificantly higher tax burdens and constant tax burdens, and 
between high-polluting industry and low-polluting indus-
try before and after the EPT reform. Column (5) of Table 3 
reports the average treated effect of the DDD estimation. 
The coefficient on treat*post*poll is significantly negative, 
generally consistent with the DID results, suggesting that the 
EPT reform reduces corporate carbon emissions.

The industry*year interaction fixed effect

In order to avoid biasing the estimation results by omitting 
industry dynamics and to control for time-varying industry 
characteristic variables as much as possible. This paper esti-
mates the model again by controlling for the industry*year 
interaction fixed effect. As shown in column (6) of Table 3, 
the estimated results are still consistent with the regression 
results of the benchmark model, further verifying the robust-
ness of the basic conclusions of this paper.

Expandability analysis

According to the study of Chernozhukov et al. (2018), the 
paper uses a more advanced DML model to the policy effect 
assessment of the EPT. On the one hand, DML is a causal 
inference method based on nonparametric models, without 
pre-setting functions, overcoming the preset limitations of 
traditional econometric regression models, and breaking the 
"dimensional curse" by controlling high-dimensional covari-
ates. On the other hand, the instrumental variable function of 
DML and the orthogonal method can ensure the estimation 

(4)

ln carbonjit = �0 + �1treati ∗ postt ∗ pollj
+ �2treati ∗ postt + �3postt ∗ pollj
+ �4treati ∗ pollj + �Xit
+ �tj + �ij + �it + �jit

2 Including thermal power, iron and steel, cement, electrolytic alu-
minum, coal, metallurgy, chemical industry, petrochemical, building 
materials, papermaking, brewing, pharmaceutical, fermentation, tex-
tile, tanning, and mining.
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effectiveness, solve the problem of regular bias, and then 
obtain the approximate unbiased estimator of the processing 
effect, which enhances the reliability and robustness of the 
research conclusions. A partially linear regression (PLR) 
model is constructed based on DML to estimate the process-
ing effect, the specific formula is as follows:

Among them, �0 is the disposal coefficient that should 
be focused on here;Xit is a set of high-dimensional control 
variables; g ( Xit ) and m ( Xit ) need to estimate their concrete 
forms through DML; Uit and Vit represent error terms whose 
conditional mean is 0.

The DML method in column (1) and column (2) of 
Table 4 is least absolute shrinkage and selection operator 
(lasso) regression and neural network (nnet) regression, and 
the samples are divided into five groups, respectively. The 
regression results also show that the EPT policy can promote 

(5)
ln carbonit + 1 = �0treati*postt + g(Xit)

+ Uit,E(Uit|Xit, treati*postt) = 0

(6)treati*postt = m(Xit) + Vit,E(Vit|Xit) = 0

the carbon emission reduction of enterprises, which further 
supports the conclusions of this study.

The impact of the EPT reform on corporate carbon emis-
sions: a heterogeneity test.

Test based on the perspective of internal incentives

In this paper, the top 3 executives’ compensations are 
selected to measure internal incentives, because corporate 
managers are the formulators and advocators of green inno-
vation strategies. Their green cognition are crucial, and a 
company that engages in low-carbon development depends 
largely on whether or not the managers are effectively incen-
tivized (Brav et al. 2018). In this study, the median total 
compensation of the top three executives among all listed 
companies within the sample scope is used as the dividing 
criterion. Specifically, if the compensation level of the top 
three executives of a company in a given year exceeds the 
median of the sample, then “top3” is assigned a value of 1; 
otherwise, it is assigned a value of 0. Column (1) and (2) 
of Table 5 show that the estimated coefficient of treat*post 
passes the 1% significance test for firms with greater internal 
incentives, while there is no significant relationship for firms 
with lesser internal incentives.

Test based on the perspective of external stress

Disclosure of environmental information enhances the trans-
parency of corporate environmental data, affecting how 
external stakeholders perceive the company. This increased 
scrutiny intensifies the external pressure on managers, 
thereby reducing opportunities for opportunistic behaviors 
aimed at evading environmental regulation. In this study, a 
dummy variable, “corporate environmental information dis-
closure” (eid), is used as a measure of this external pressure. 
This paper adopts the dummy variable, corporate environ-
mental information disclosure eid, as a measure of external 

Table 4  DML test results based on partial linear regression

Variables Lncarbon

lassocv nnet

(1) (2)

treat*post  − 0.0833*** (0.0232)  − 0.2168*** (0.0793)
Constant  − 0.0107** (0.0051) 0.0034 (0.0053)
Control variables Yes Yes
Year FE Yes Yes
Individual FE Yes Yes
Observations 28,509 28,509

Table 5  Heterogeneities of internal incentives and external pressures

Variables Lncarbon

High salary level Low salary level More environmental informa-
tion disclosure

Less environmental 
information disclo-
sure

(1) (2) (3) (4)

Treat*post  − 0.1001*** (0.0259) 0.0425 (0.0478)  − 0.0597** (0.0276) 0.0031 (0.0407)
Constant 9.9181*** (0.2307) 7.6577*** (0.3287) 9.3250*** (0.2329) 7.5419*** (0.3223)
Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Individual FE Yes Yes Yes Yes
Observations 19,390 8,388 15,890 11,640
R-squared 0.804 0.687 0.828 0.720
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pressure. The environmental disclosure scoring indicator 
system contains two types of information, namely monetized 
information3 and non-monetized information.4 Specifically 
divided into 25 disclosure items, the scores of these items are 
summed and then do natural logarithmic processing to get 
the quality of environmental information disclosure (Kong 
et al. 2021). If corporate environmental disclosure score for 
the current year is greater than the median of the sample, 
then eid is equal to 1, otherwise eid is equal to 0. Columns 
(3) and (4) of Table 5 show that the EPT reform has a signifi-
cant effect on carbon emission reduction in enterprises with 
more environmental information disclosure, while it is not 
significant in enterprises with less environmental informa-
tion disclosure. This result suggests that the EPT reform can 
promote carbon emission reduction in enterprises with high 
pressure of external environmental information disclosure.

Test based on the perspective of enterprise life cycle

The life cycle theory points out that due to the different 
stages of enterprises, there will be big differences in scale, 
profitability, growth, investment and financing strategies, 
willingness to innovation, and so on. Therefore, enterprises 
in different life cycles will adopt different technological 
innovation behaviors and show different carbon emission 
reduction capacity. The impact of the EPT reform on the 
corporate carbon emissions will also be various according to 
the different life cycle stages of enterprises. There are many 
methods of enterprise life cycle division in the existing lit-
erature, among which, the cash flow pattern method is more 
objective and operable. In this paper, the cash flow pattern 
method is used to categorize the lifecycle of a company. 
This is achieved by reflecting the characteristics of different 
life stages through the combination of net cash flows from 
operating, investing, and financing activities. The compa-
ny's lifecycle is divided into three stages: growth, maturity, 

and recession (Vorst and Yohn 2018). Details are shown in 
Table 6.

Table 7 shows the results of grouping according to the life 
cycle of enterprises. In the maturity period of enterprises in 
column (2), the estimated coefficient of treat*post is signifi-
cantly negative at the 1% level, while there is no significant 
relationship in the growth and recession period of enter-
prises, indicating that the effect of the EPT reform on pro-
moting carbon emission reduction is mainly reflected in the 
mature stage of enterprises. This is because in the maturity 
period enterprises begin to realize stable profitability, inter-
nal financing constraints can be eased, and enterprises are 
also more likely to get a larger amount of exogenous financ-
ing at a lower cost. At this time, enterprises have a stronger 
willingness and ability to innovate, and R&D investment and 
innovations are more than the growth and recession period. 
Therefore, the EPT reform has a relatively larger role in pro-
moting corporate carbon emission reduction in the maturity 
period (Liu et al. 2020).

Examination of the influencing mechanism based on cor-
porate green innovation.

The mechanism test of the EPT influencing 
corporate carbon emissions reduction

The quality of innovative activities: substantive or strategic 
green innovation

In accordance with the three classifications of patents by 
the China National Intellectual Property Administration 
(CNIPA), namely invention patents, utility model patents, 
and design patents (Hu et al. 2020). According to the provi-
sions of the Patent Law of the People's Republic of China, 
invention patents, in comparison with the existing technol-
ogy, are required to possess prominent substantive features 
and significant advancements. Moreover, they undergo a 
substantive examination during the authorization process, 
thereby entailing a higher level of application difficulty 
and technological value. In this context, invention patents 
are commonly employed as a metric for gauging a com-
pany's genuine innovation prowess, indicative of substan-
tive or breakthrough innovations. Concurrently, utility 
model patents, unburdened by stringent conditions during 
the authorization process, are frequently utilized to measure 

Table 6  Combination of cash flow characteristics of firms at different life cycle stages

Net cash flow The growth period The maturity period The recession period

Inception Growth Maturity Recession Recession Recession Obsolescence Obsolescence

NCFO –  +  + –  +  + – –
NCFI – – – –  +  +  +  + 
NCFF  +  + – –  + –  + –

3 Including environmental liability disclosure, environmental perfor-
mance and governance disclosure; if the quantitative and qualitative 
combination of disclosure = 2, qualitative disclosure = 1, no disclo-
sure = 0.
4 Including environmental management disclosure, environmental 
certification disclosure and environmental information disclosure; if 
disclosure = 2, no disclosure = 0.
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strategic innovations catering to investors and regulatory 
compliance, encompassing both strategic and incremental 
innovations (Jiang and Bai 2022). Based on this, enterprise 
green innovation is divided into substantive green innova-
tion and strategic green innovation from the perspective of 
the quality of innovation activities. Green invention pat-
ent is regarded as substantive green innovation because it 
is a kind of intellectual property rights with high technical 
value, which can reflect the independent innovation ability 
of enterprises to a certain extent. Green utility model patent 
is regarded as strategic green innovation because it reflects 
the "quantitative change" of corporate innovation, and it is 
an innovative strategy to cope with environmental regula-
tion (Du et al 2022; Lian et al. 2022). It is found that after 
the implementation of the EPT reform, the estimated coef-
ficient of treat*post*strategic is negative and passes the 5% 
significance level test as shown in column (1) of Table 8, 
while column (2) shows that the regression coefficient of 
treat*post*substantial is negative but not significant. Due to 
the relatively low cost of implementing strategic innovative 

behaviors, profit-maximizing firms will over-pursuing an 
increase in the number of green innovations in the short 
term despite the pressure of environmental regulations. It 
is a more realistic choice to engage in less difficult strate-
gic innovative activities. The results of Zhang et al. (2023) 
also indicated that strategic green innovations seemed to be 
more sensitive to real environmental regulation. Dai et al. 
(2015) thought that incremental green innovation could help 
improve environmental performance, but radical innovation 
played a more important role in the transition to a sustainable 
future. Cui et al. (2022) pointed out that cleaner production 
audit projects had greater impact on radical environmental 
innovation than progressive environmental innovation.

The direction of innovative activities: source green 
innovation or endpoint green innovation

Green innovation is crucial in harmonizing environmental 
regulation with sustainable corporate development. Exam-
ining the direction of corporate green innovation under 

Table 7  Heterogeneity of life 
cycle

Variables Lncarbon

The growth period The maturity period The recession period

(1) (2) (3)

treat*post  − 0.0112 (0.0348)  − 0.1080*** (0.0377)  − 0.0920 (0.0637)
Constant 9.6419*** (0.2433) 8.6838*** (0.3545) 7.0402*** (0.6469)
Control variables Yes Yes Yes
Year FE Yes Yes Yes
Individual FE Yes Yes Yes
Observations 12,552 8,436 5,412
R-squared 0.819 0.846 0.769

Table 8  Mechanism test of the EPT influencing corporate carbon emissions

Treat*post*strategic, treat*post*substantial, treat*post*endpoint, and treat*post*source are all controlled, and the coefficient estimates reporting 
are omitted

Variables Lncarbon

Strategic Substantial Endpoint Source

(1) (2) (3) (4)

Treat*post*strategic  − 0.0015** (0.0006)
Treat*post*substantial  − 0.0006 (0.0006)
Treat*post*endpoint  − 0.2276* (0.1180)
treat*post*source 0.0331 (0.0738)
Constant 9.0984*** (0.1721) 9.0470*** (0.1714) 9.0839*** (0.1893) 9.0959*** (0.1893)
Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Individual FE Yes Yes Yes Yes
Observations 28,132 28,132 22,136 22,136
R-squared 0.795 0.794 0.799 0.799
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the pressure of environmental regulation is of significant 
importance for achieving carbon emission reduction in 
enterprises. Based on WIPO's green innovation division 
standard, this paper identifies and calculates the annual 
data of listed companies' green innovation, and further 
distinguishes between source green innovation and end-
point green innovation. Source green innovation involves 
refining production processes at their source to fundamen-
tally reduce the generation of pollutants, representing a 
fundamental means for enterprises to achieve sustain-
able development. Endpoint green innovation entails the 
improvement or installation of emission treatment equip-
ment to decrease the final emission quantity of pollutants 
(Wang and Chu 2023). Then this paper uses the propor-
tion of source green innovation patents and the propor-
tion of endpoint green innovation patents in corporate 
green innovation as proxy variables (Liu and Xiao 2022) 
to measure the corporate green innovation direction. As 
shown in column (3) of Table 8, the estimated coefficient 
of treat*post*endpoint is significantly negative at the 10% 
level, while column (4) shows that the regression coef-
ficients of treat*post*source does not pass the test of the 
significance level. This suggests that after the EPT reform, 
the endpoint innovation of firms in the region where the 
tax standard is raised is significantly higher, but not in 
source innovation. The EPT reform mainly incentivizes 
firms to carry out innovation activities in the category 
of waste management. This may be due to the fact that 
when the intensity of environmental regulation increases, 
enterprises find their scope for initiating green innova-
tion activities at the source to be somewhat limited. They 
tend to favor green innovation activities at the endpoint 
stage to reduce the emissions of taxable pollutants. This 
suggests that under China's traditional energy-dominated 
development pattern, corporate green innovation activities 

exhibit a pronounced path dependency. These findings cor-
roborate the research of Zou et al. (2019) and Zhang et al. 
(2018), affirming that endpoint management, defined as 
the treatment of waste materials in the production pro-
cess by enterprises, can significantly enhance their envi-
ronmental performance; endpoint management facilitates 
enterprises in meeting regulatory thresholds more readily, 
representing a strategy adopted by enterprises to maintain 
compliance in their operations. Therefore, hypothesis 3 
is verified.

The heterogeneity test of the EPT influencing 
corporate carbon emissions reduction

The above results verify the influencing mechanism of the 
EPT reform on carbon emissions through corporate green 
innovation. According to the empirical results in the previ-
ous section, the forcing effect of the EPT reform is mainly 
manifested in enterprises with high level of internal com-
pensation and high environmental information disclosure. 
Therefore, following the EPT reform, such enterprises are 
likely to have a relatively greater potential for enhancing 
green innovation. This study categorizes the research sam-
ples based on internal salary incentives and external pressure 
for environmental information disclosure. The empirical test 
results are presented in Tables 9 and 10.

The results in columns (1) and (2) of Table 9 and columns 
(1) and (2) of Table 10 show that the EPT reform effectively 
promotes strategic green innovation and endpoint green 
innovation of enterprises with high remuneration levels, and 
then driven carbon reduction. Wu et al. (2023) supported 
this conclusion, arguing that as a market incentive type of 
environmental regulation, the impact of environmental regu-
lation on enterprise green innovations was mainly through 
internal incentives. According to the results in columns (3) 

Table 10  Heterogeneity test of the EPT affecting corporate carbon emissions based on green innovation direction

Treat*post*endpoint is controlled, and the coefficient estimates reporting are omitted

Variables Lncarbon

High salary level Low salary level More environmental informa-
tion disclosure

Less environmental 
information disclo-
sure

(1) (2) (3) (4)

Treat*post*endpoint  − 0.0026** (0.0012)  − 0.0005 (0.0022)  − 0.0022** (0.0011) 0.0011 (0.0020)
Constant 10.0657*** (0.2539) 7.8914*** (0.3315) 9.5495*** (0.2536) 7.9353*** (0.3294)
Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Individual FE Yes Yes Yes Yes
Observations 14,442 7381 11,755 9960
R-squared 0.813 0.718 0.844 0.757
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and (4) of Table 9 and columns (3) and (4) of Table 10, 
the EPT policy significantly promotes strategic green inno-
vation and endpoint green innovation in firms with high 
environmental information disclosure, and thus promotes 
the reduction of carbon emissions. This is consistent with 
the findings of some scholars: Jiang et al. (2022) found that 
environmental information disclosure had a significant posi-
tive effect on the innovation of high-polluting firms; Song 
et al. (2022) argued that environmental regulation forced 
corporate green technological progress through external 
pressure. In summary, this further supports the mechanism 
of the EPT reform's role in influencing corporate carbon 
emissions through the channel of green innovation. H2 is 
basically verified.

Conclusions and policy implications

This paper takes 3339 listed companies in China's Shang-
hai and Shenzhen A-shares as research samples from 2006 
to 2021, adopts the DID method to investigate the micro-
mechanisms and differential effects of the EPT on carbon 
emission reduction, and draws the following conclusions: 
Firstly, the EPT policy significantly reduces the carbon emis-
sions of enterprises, and this conclusion still holds after the 
robustness tests of the DDD and DML method; secondly, the 
heterogeneity analysis reveals that the forcing effect of the 
EPT reform on carbon emission reduction is more obvious 
in enterprises with the high level of executive compensa-
tion and high environmental information disclosure, and 
mature enterprise; finally, the mechanism test shows that 
the EPT reform mainly promotes carbon emission reduc-
tion by stimulating strategic green innovation and endpoint 
green innovation activities, and this forcing effect is mainly 
manifested in internal incentives and external pressure.

This study proposes the following policy recommenda-
tions. First, the government should improve the design of 
EPT system. By learning from the more developed EPT 
regimes of Europe and America, there is a need to establish 
a green tax system that is based on the EPT and coordinates 
multiple types of taxes. This would expedite the greening 
of the tax structure, optimize the overall EPT system, and 
promote a long-term mechanism for tax revenue dedicated to 
ecological and environmental protection. In parallel, enhanc-
ing other EPT categories and tax policies would collabora-
tively compel corporate green innovation. Second, govern-
ments need to improve the quality of green innovation. In 
formulating policies to encourage green innovation in enter-
prises, the government should discriminate based on the dif-
ficulty and value of these green innovation activities. This 
involves, on the one hand, intensifying support for high-
technology R&D projects in their initial stages to promote 
substantial green innovation within corporations. On the 
other hand, there should be reasonable guidance and moder-
ate support for enterprises engaged in lower-technology level 
innovation. During later stages of subsidy provision, a selec-
tion process for the outcomes of corporate green innovations 
should be implemented, with elevated standards to enhance 
the overall quality of green innovation. Third, enterprises 
should strengthen innovation in source control. Enterprises 
need to undergo a transformation in their approach—from 
passive compliance to active management, and from end-
point management to source control. This shift necessitates 
improvements in production techniques or processes, the 
development of environmentally friendly technologies and 
green products, the strengthening of upfront prevention and 
clean production practices, the active engagement in green 
innovation, and realization of a green, low-carbon transition.

Although this study strives for perfection in exploration, 
it still has some shortcomings. Firstly, the research focuses 
exclusively on green innovation, leaving room for future 

Table 9  Heterogeneity test of the EPT affecting corporate carbon emissions based on green innovation quality

Treat*post*strategic is controlled, and the coefficient estimates reporting are omitted

Variables Lncarbon

High salary level Low salary level More environmental informa-
tion disclosure

Less environmental 
information disclo-
sure

(1) (2) (3) (4)

Treat*post*strategic  − 0.3110** (0.1378)  − 0.0969 (0.2497)  − 0.2785** (0.1355)  − 0.0891 (0.2478)
Constant 10.0666*** (0.2539) 7.8869*** (0.3316) 9.5486*** (0.2536) 7.9368*** (0.3294)
Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Individual FE Yes Yes Yes Yes
Observations 14,442 7381 11,755 9960
R-squared 0.813 0.718 0.844 0.757
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studies to investigate the effects of the EPT on corporate 
carbon emissions in conjunction with green innovation 
spillover effects. Secondly, the analysis is confined to China 
as a whole; future research could be more region specific, 
examining the impact of the EPT on corporate carbon emis-
sions across different areas. Additionally, considering the 
availability of data, there is a need to broaden the selection 
of control variables. Due to space constraints, the heteroge-
neity analysis in this study is limited to corporate charac-
teristics, with industry heterogeneity (such as competition 
levels, technological attributes, and manufacturing proper-
ties) not being analyzed. These aspects present opportunities 
for further refinement in subsequent research.
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